AD

(Leave blank)

Award Number:
W81XWH-08-1-0256

TITLE:

Small Molecule Inhibitors of EGFR Ectodomain for Breast Cancer
Therapy

PRINCIPAL INVESTIGATOR:
Mark 1. Greene, Ph.D.

CONTRACTING ORGANIZATION:

Trustees of the University of Pennsylvania
Philadelphia, PA 19104-6205

REPORT DATE:
August 2010

TYPE OF REPORT:

Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: (check one)
X Approved for public release; distribution unlimited
(0 Distribution limited to U.S. Government agencies only;

report contains proprietary information

The views, opinions and/or findings contained iIn this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.



Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data
needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to
Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents
should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
13-08-2010 Annual 14 JUL 2009-13 JUL 2010
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Small Molecule Inhibitors of EGFR Ectodomain for Breast Cancer Therapy

5b. GRANT NUMBER
VB1XWH- 08- 1- 0256

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Mark |. Greene

5e. TASK NUMBER
greene@reo.med.upenn.edu

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Trustees of the Univ. of Pennsylvania
Pamela Caudill

3451 Walnut Street

Franklin Bldg P-221

Philadelphia, PA 19104-6205

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and Materiel

Command

Fort Detrick, Maryland 21702-5012 11. SPONSOR/MONITOR’'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The goal of this proposal was to develop | ow nol ecul ar weight inhibitors of EGFR that disable
receptor functioning by preventing critical activating transitions of the extracellular
domain. A conpound, EL1-FD1, has been created and found able to reverse the nalignant
properties of EGFR transforned cells in vitro and in vivo. EL1-FDL was designed to lint the
mobility of the EGFR ectodomain, in particular subdomains | and Il. For Task 3a, we have
optim zed therapeutic admnistration of EL1-FD1 in aninmal tunor bearing nodels. For Task 3b,
we have anal yzed the effects of the conmpound in vitro in anchorage dependent and i ndependent
assays. None of the analogs we identified in Task 4 possessed greater activity than EL1-FDLl.
For Task 5 we have studied features of how the constrai ned EGFR binds ligand. The ability of
the conmpound that constrains EGFR nobility to bind EGF was found to be dramatically reduced.
We have not yet succeeded in co-crystallization as described in Task 6 and still are pursuing
different conditions for formation of crystal structures of the conpl ex.

15. SUBJECT TERMS
EGFR i nhi bitor, antitunmor activity

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC

a. REPORT b. ABSTRACT c. THIS PAGE uu 19b. TELEPHONE NUMBER (include area

U U U 4 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




TABLE OF CONTENTS

Page
INtrOdUCTION ... .o e e e e e e e e e, 3
2 0T Y |
Key Research Accomplishments.........ccooiiiiiiiiiiiiiciii e, 4
Reportable OQULCOMES.......oviii i i, 4
CONCIUSTON ...t e 4

INTRODUCTION.

Since EGFR is overexpressed in many breast cancers, inhibition of this receptor is a promising approach for
the development of targeted breast cancer therapeutics. The kinase-targeting low molecular weight EGFR
inhibitors used in clinics have been shown to have some activity in patients with mutant EGFR kinase, but
have essentially no activity in patients with wild type EGFR. We used structure based approaches to design
low molecular weight compounds targeted to the ectodomain of EGFR that act by inhibiting conformational
rearrangements required for receptor activation. During the reported period, the lead compound EL1-FD1
and its derivatives have been tested for inhibition of breast cancer cells in vitro and in vivo. We also
continued the lead optimization and crystallography studies.

BODY.

In vivo studies Task 3 — Use of EL1-FD1 in vivo. In the past year we have identifed ways to improve the
solubility of ELI-FD1 for in vivo application. We examined the activity of EL1-FD1 in an aggressive human
tumor driven solely by EGFR over-expression. This small molecule has extraordinary activity in vivo. The
EL1-FD1 small molecule has a Mr of ~350 and completely arrests growth of A431 tumor cells in vivo but
has no activity against tumor cells which are not transformed by EGFR.
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Figure 1. Growth of A431 tumor cells is dramatically inhibited by EL1-FD1. Athymic nude mice were injected s.c. with
1x10° A431 cells on the flank. EGFR inhibitor EL1-FD1 was administered by i.p. injection at a dose of 15 mg/kg, three
times per week beginning on day 4. The data are presented as mean tumor volume (mma3) £+SEM.



Task 4. We obtained several analogs of the EL1-FD1, but none to date have improved biological activities.
New analogs have been designed and will be tested in vitro and in vivo.

Task 6. We have tried to soak the EGFR ectodomain crystals with EL1-FD1 but have not been able to
develop a complex crystal. This failure may relate to the conditions of the soaking and the solubility features
of the EL1-FD1 molecule, and we are now working towards co-crystallization of EL1-FD1 and EGFR. To
facilitate crystallization, more water-soluble analogs of EL1-FD1 with similar biological activities to the
parent compound have been designed and will also be used in crystallography studies. These studies are
ongoing.

KEY RESEARCH ACCOMPLISHMENTS.

We have extended the biological studies on EL1-FD1 to A431 tumors driven solely by EGFR and have
observed dramatic and complete inhibition of tumor growth in vivo.

We have not succeeded in developing co-crystals using soaking of the somewhat insoluble EL1-FD1 and
we are now working on co-crystallization studies of the protein and the small molecule together and on the
improvement of the compound solubility to facilitate crystallization of the protein-compound complex.

REPORTABLE OUTCOMES.
A manuscript describing the obtained results is in preparation.
CONCLUSION.

The overall goal of this proposal was to develop low molecular weight inhibitors of EGFR that disable
receptor functioning by preventing critical activating transitions of the extracellular domain. The compound
we term EL1-FD1 has been created and found able to reverse the malignant properties of EGFR
transformed cells in vitro and in vivo. We have extended the studies to other tumors to verify their activity
and surprisingly have found even more complete tumor eradication of EGFR driven A431 tumor lines. The
compound was designed to limit the mobility of the EGFR ectodomain, in particular subdomains | and II.
Since the last report we have focused on Task 3a, and we have now optimized therapeutic administration of
EL1-FD1 in animal tumor bearing models. Moreover, as defined in Task 3b, we have analyzed the effects of
the compound in vitro in anchorage dependent and independent assays. We have already shown in Task
3c that EL1-FD1 affects specific tyrosine kinase activation events. Task 4 was to improve on the chemical
features of EL1-FD1 by selection of new analogs. This task has not progressed in this time frame, as none
of the analogs we identified possessed greater activity than EL1-FD1. As described in Task 5 we have
studied certain features of how the constrained EGFR binds ligand. We tested the ability of the compound
that constrains EGFR mobility to bind EGF and found it to be dramatically reduced. We have not yet
succeeded in co-crystallization as described in Task 6 and still are pursuing different conditions for
formation of crystal structures of the complex.



